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(57) ABSTRACT

A measurement pattern having a predetermined shape and
L-shaped black areas are superimposed and output to a liquid
crystal panel, and a pattern is detected from a taken pattern
image. Lines are detected based on an image of a screen frame
in the pattern image, and coordinate conversion factors for
conversion of camera coordinates in the taken image into
panel coordinates are calculated based on panel coordinate
values of the pattern and camera coordinate values of the
pattern detected from the pattern image. Then, apexes of the
screen frame in the panel coordinates are obtained based on
the lines and the conversion coordinate factors detected with
respect to each corner, correction values are calculated, and
trapezoidal distortion correction is performed.
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1
IMAGE PROCESSING DEVICE, IMAGE
PROCESSING METHOD, AND PROJECTOR

The entire disclosure of Japanese Patent Application No.
2012-051920, filed Mar. 8, 2012 is expressly incorporated by
reference herein.

BACKGROUND

1. Technical Field

The present invention relates to an image processing
device, an image processing method, and a projector.

2. Related Art

In the case where an image is displayed on a screen using
a projector, trapezoidal distortion may be produced in the
image displayed on the screen (hereinafter, referred to as
“display image”) according to a relative positional relation-
ship between the projector and the screen. Regarding the
problem, for example, Patent Document 1 (JP-A-2008-
211355) has disclosed a technology of imaging a screen using
an imaging device of a projector, detecting a screen frame
from the taken image, and correcting trapezoidal distortion
based on the detected shape of the screen frame.

However, in the technology of Patent Document 1, the
screen frame is detected as four lines in total one for each of
vertical and horizontal frame sides. Generally, distortion
exists in a camera lens for imaging ofthe projector, and it has
been difficult to accurately detect the screen frame as four
lines. Further, in the technology of Patent Document 1, in
order to detect the lines, a black image is formed on the entire
projection panel and projected on the screen. Accordingly,
while the black image is projected on the screen, it is impos-
sible for a user to confirm an image on which trapezoidal
distortion correction has been performed.

Further, JP-A-2010-050540, JP-A-2010-050542,
JP-A-2006-060447 are examples of related art.

and

SUMMARY

An advantage of some aspects of the invention is to provide
atechnology of detecting a screen frame more accurately, and
performing trapezoidal distortion correction. Another advan-
tage of some aspects of the invention is to provide a technol-
ogy that enables confirmation of an image on which trapezoi-
dal distortion correction has been performed even while
detection of the screen frame is performed.

The invention can be implemented as the following forms
or application examples.

APPLICATION EXAMPLE 1

This application example is directed to an image process-
ing device including a pattern output part that superimposes a
pattern having a predetermined shape and a nearly black area
on a part of an image and outputs the image to a light modu-
lator, a pattern detection part that detects the pattern from a
pattern image formed by imaging of the image containing the
pattern and the nearly black area projected on a projected
surface, a line detection part that respectively detects lines
based on a taken image of at least a part of a frame of the
projected surface within the nearly black area in the pattern
image, a coordinate conversion factor calculation part that
calculates a coordinate conversion factor for conversion of
coordinates in the taken image into coordinates in the light
modulator based on coordinates of the pattern in the light
modulator and coordinates of the pattern detected from the
pattern image, a correction value calculation part that obtains
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2

an apex of the frame based on the detected lines and the
coordinate conversion factor, and calculates a correction
value for trapezoidal distortion correction based on the apex,
and a distortion correction part that performs trapezoidal
distortion correction based on the correction value.

According to the configuration, the pattern having the pre-
determined shape and the nearly black area only cover a part
of'the image, and thus, trapezoidal distortion correction may
be performed by detecting the lines of the frame of the pro-
jected surface and calculating the correction value based on
the lines and the coordinate conversion factor without dis-
turbing user’s view of the image. Further, the user may con-
firm the input image after trapezoidal distortion correction in
real time.

APPLICATION EXAMPLE 2

This application example is directed to the image process-
ing device according to Application Example 1, wherein the
line detection part respectively detects two crossing lines with
respect to each corner of the projected surface based on the
taken image of the at least the part of the frame of the pro-
jected surface within the nearly black area in the pattern
image, and the correction value calculation part obtains
apexes of the frame based on the detected two lines with
respect to each corner and the coordinate conversion factors,
and calculates a correction value for trapezoidal distortion
correction based on the apexes.

According to the configuration, the crossing two lines are
respectively detected with respect to each corner of the pro-
jected surface, and the lines in the corner parts of the projected
surface that are easily affected by the lens distortion of the
camera may be detected more accurately. Accordingly, trap-
ezoidal distortion correction may be performed more accu-
rately by calculating the correction value based on the lines
and the coordinate conversion factors without disturbing
user’s view of the image.

APPLICATION EXAMPLE 3

This application example is directed to the image process-
ing device according to Application Example 1 or 2, wherein
the pattern output part outputs an image formed by trapezoi-
dal distortion correction on an input image or an image
formed by trapezoidal distortion correction on a predeter-
mined figure.

According to the configuration, the input images may be
continuously displayed in real time, and viewing may not be
interrupted and stress on the user may be reduced. Further, by
projecting the image formed by trapezoidal distortion correc-
tion on a predetermined shape, the processing load for trap-
ezoidal distortion correction on the input images is reduced
and the shapes of the corrected input images may be displayed
at a high speed.

APPLICATION EXAMPLE 4

This application example is directed to the image process-
ing device according to any one of Application Examples 1 to
3, wherein the correction value calculation part calculates at
least one intermediate correction value of a current correction
value and a previous correction value calculated before cal-
culation of the current correction value, and the distortion
correction part performs the trapezoidal distortion correction
based on the intermediate correction value.

According to the configuration, the image formed by trap-
ezoidal distortion correction based on the intermediate cor-
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rection value between the previous correction value and the
current correction value may be projected, and then, the
image formed by trapezoidal distortion correction based on
the intermediate correction value and the image formed by
trapezoidal distortion correction based on the current correc-
tion value may be projected. Accordingly, the images after
trapezoidal distortion correction may be smoothly changed
and displayed, and thus, the user may confirm the images after
trapezoidal distortion correction without a feeling of strange-
ness.

APPLICATION EXAMPLE 5

This application example is directed to the image process-
ing device according to any one of Application Examples 2 to
4, wherein the pattern output part stops output of the pattern
having the predetermined shape and the nearly black area if a
shape of the frame of the image formed by the trapezoidal
distortion correction or a shape of the frame of the image
formed by the trapezoidal distortion correction on the prede-
termined figure has not changed in a predetermined time, and
extends the predetermined time if the line detection part has
not respectively detected two crossing lines with respect to
each corner of the projected surface based on the frame
image.

According to the configuration, if the two crossing lines
have not been respectively detected with respect to each cor-
ner of the projected surface, the time in which the pattern
having the predetermined shape and the nearly black area are
projected is extended. Accordingly, the line detection part
may secure the time for redetection of the undetected lines,
and thus, the detection probability of lines may be improved.

APPLICATION EXAMPLE 6

This application example is directed to the image process-
ing device according to any one of Application Examples 2 to
5, wherein the pattern is located for each corner of the light
modulator, the coordinate conversion factor calculation part
respectively calculates the coordinate conversion factor with
respect to each corner of the projected surface, and the cor-
rection value calculation part obtains the apex based on the
detected two crossing lines with respect to each corner of the
projected surface and the coordinate conversion factor corre-
sponding to the corner.

According to the configuration, the coordinate conversion
factor is calculated with respect to each corner of the pro-
jected surface, and thus, the apexes may be obtained by mini-
mizing the influence of distortion of the lens of the camera
and distortion of the projection lens, accurately detecting the
lines in the corner parts of the projected surface that are easily
affected by the lens distortion of the camera, and calculating
intersection of the lines in the light modulator. Therefore,
trapezoidal distortion correction may be performed more
accurately.

APPLICATION EXAMPLE 7

This application example is directed to the image process-
ing device according to any one of Application Examples 2 to
6, wherein the correction value calculation part obtains the
apex of the frame after the line detection part converts the two
lines detected with respect to each corner into coordinates in
the light modulator.

According to the configuration, the intersection of the two
lines is calculated and the apex of the frame is obtained after
the two lines detected with respect to each corner are con-
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4

verted into coordinates in the light modulator, and thus, the
shape of the screen may be detected with high accuracy.
Therefore, trapezoidal distortion correction may be per-
formed with higher accuracy.

The invention may not only be configured as the above
described image processing device but also be configured as
an image processing method, a projector including the image
processing device, or a computer program. The computer
program may be recorded in a computer-readable recording
medium. As the recording medium, for example, various
media such as a flexible disc, a CD-ROM, a DVD-ROM, a
magnetooptical disc, a memory card, and a hard disc may be
used.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

FIG. 1 is an explanatory diagram showing a hardware
configuration of a projector as an image processing device
according to an embodiment of the invention.

FIG. 2 is a block diagram showing a specific configuration
of'an image processing circuit shown in FIG. 1.

FIG. 3 is a flowchart showing a flow of initial screen frame
correction processing by the projector.

FIG. 4 shows an example of a measurement pattern formed
on a liquid crystal panel.

FIG. 5 shows an example of a display image of the mea-
surement pattern projected on a screen.

FIG. 6 shows an example of a taken image of the measure-
ment pattern.

FIG. 7 shows diagrams for explanation of an example of a
method of detecting lines from a frame image.

FIG. 8 shows diagrams for explanation of a method of
converting screen frame lines from camera coordinates into
panel coordinates.

FIG. 9 is a diagram for explanation of a method of calcu-
lating a correction value.

FIG. 10 is a flowchart for explanation of automatic screen
frame correction processing.

FIG. 11 shows an example of a measurement pattern
formed on the liquid crystal panel at step S50.

FIGS. 12A and 12B show examples of black images pro-
jected for detection of screen frame lines at step S140.

FIG. 13 shows diagrams for explanation of processing
when part of eight screen frame lines is not detected by edge
detection.

FIG. 14 shows diagrams for explanation of processing
when a line detection part erroneously detects screen frame
lines.

FIG. 15 shows other diagrams for explanation of process-
ing when the line detection part erroneously detects screen
frame lines.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

A. Configuration of Projector

FIG. 1 is an explanatory diagram showing a hardware
configuration of a projector 10 as an image processing device
according to an embodiment of the invention. The projector
10 projects image light representing an image and displays
the image on a projected surface such as a screen 30.

The projector 10 includes an A/D (analog/digital) conver-
sionunit 110, an image processing circuit 120, a liquid crystal
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panel 130, a liquid crystal panel drive unit 132, an illumina-
tion system 140, a projection system 150 having a projection
lens 152, a lens drive unit 154, a CPU 160, a RAM 175, a
ROM 170 having a measurement pattern storage part 171, a
remote control unit 180, a remote 181, an imaging unit 190,
and a vibration sensing unit 129. The respective component
elements of the projector 10 are connected to one another via
a bus 102.

The A/D conversion unit 110 performs A/D conversion on
input image signals input from an image supply device such
as a DVD player or PC (personal computer) (not shown) via
a cable 200, and outputs digital image signals.

The image processing circuit 120 includes various func-
tional parts that execute image processing. The image pro-
cessing circuit 120 performs screen frame correction process-
ing and adjustment of image display conditions (for example,
brightness, contrast, synchronization, tracking, color density,
color shade, etc.) on the digital image signals output from the
A/D conversion unit 110 (hereinafter, referred to as “input
image”), and outputs the signals to the liquid crystal panel
drive unit 132. The screen frame correction processing and
the functional parts of the image processing circuit 120 will
be described later.

The liquid crystal panel drive unit 132 drives the liquid
crystal panel 130 based on the digital image signals input via
the image processing circuit 120.

The illumination system 140 includes a light source that
outputs light and a homogenizing system that homogenizes
an illuminance distribution of the light output from the light
source. The light output from the illumination system 140
enters the liquid crystal panel 130.

The liquid crystal panel 130 is a light modulator that modu-
lates the light output from the illumination system 140 based
on image data. The liquid crystal panel 130 forms an image
(hereinafter, also referred to as “panel image™) for modulat-
ing the illumination light radiated from the illumination sys-
tem 140 into effective image light representing an image on
the liquid crystal panel 130.

The projection system 150 is attached to the front surface
of'the casing ofthe projector 10, and enlarges and projects the
light that has been modulated into the image light by the
liquid crystal panel 130. The lens drive unit 154 drives the
projection lens 152 of the projection system 150 to change the
size of the display image to be displayed on the screen 30. The
liquid crystal panel 130, the illumination system 140, and the
projection system 150 form a projection unit that projects
images.

The remote control unit 180 receives a command from a
user by the remote 181, and transmits the command to the
CPU 160 via the bus 102. Note that, in the embodiment, the
projector 10 receives the command from the user through the
remote 181 and the remote control unit 180, however, may
receive the command from the user through another configu-
ration such as an operation panel, for example.

The imaging unit 190 includes a CCD camera, and takes
and acquires various images. Hereinafter, the image taken by
the imaging unit 190 will be also referred to as “taken image”.
Of the taken images, an image obtained by imaging of at least
a part of the frame of the screen 30 (hereinafter, also referred
to as “screen frame SCF) will be also referred to as “frame
image”, and an image obtained by imaging of a measurement
pattern (the details will be described later) projected on the
screen 30 will be also referred to as “pattern image”. The
taken images acquired by the imaging unit 190 are stored
within the RAM 175. Note that the imaging unit 190 may
include another device that can image in place of the CCD
camera.
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The vibration sensing unit 129 monitors movements and
rests of the projector 10. The vibration sensing unit 129
includes a gyro sensor (not shown) in the embodiment, and
senses the movements of the projector 10 using the gyro
sensor. The CPU 160 allows the image processing circuit 120
to execute the screen frame correction processing in response
to the command from the remote control unit 180 and the
sensing result by the vibration sensing unit 129. The screen
frame correction processing will be described later.

B. Configuration of Image Processing Circuit

FIG. 2 is a block diagram showing a specific configuration
of the image processing circuit 120 shown in FIG. 1. As
illustrated, the image processing circuit 120 includes a pattern
output part 121, a pattern detection part 122, a line detection
part 123, a coordinate conversion part 124, a correction value
calculation part 125, and a distortion correction part 126.

The pattern detection part 122 detects measurement points
for the screen frame correction processing to be described
later based on the pattern image taken by the imaging unit
190. The measurement points will be described later.

The line detection part 123 detects two crossing lines based
onthe frame image taken by the imaging unit 190 with respect
to each corner of the screen 30. Accordingly, the line detec-
tion part 123 detects eight lines in total for the screen 30
having four corners.

The coordinate conversion part 124 calculates a coordinate
conversion factor based on the coordinate values of the mea-
surement points of the measurement pattern in the liquid
crystal panel 130 and the coordinate values of the measure-
ment points in the taken image detected by the pattern detec-
tion part 122. Note that, in the following explanation, the
coordinate system in the liquid crystal panel 130 will be also
referred to as “panel coordinates” and the coordinate system
in the taken image will be also referred to as “camera coor-
dinates”. The coordinate conversion factor is a factor for
conversion of camera coordinate values into panel coordinate
values.

The correction value calculation part 125 calculates a cor-
rection value for trapezoidal distortion correction based on
the coordinate conversion factor calculated by the coordinate
conversion part 124 and the lines detected by the line detec-
tion part 123.

The distortion correction part 126 performs trapezoidal
distortion correction on the input image acquired from the
A/D conversion unit 110 using the correction value calculated
by the correction value calculation part 125.

The pattern output part 121 superimposes measurement
pattern on the input image or the input image after trapezoidal
distortion correction at the screen frame correction to be
described later.

C. Initial Screen Frame Correction Processing

FIG. 3 is a flowchart showing a flow of initial screen frame
correction processing by the projector 10. The screen frame
correction processing is a series of processing of performing
trapezoidal distortion correction on the input image so that
the respective sides of the outer periphery of the display
image may coincide with the screen frame. The initial screen
frame correction processing is executed in response to the
command from the user through the remote 181 after instal-
lation of the projector 10, for example. Note that the initial
screen frame correction processing may be automatically
executed in response to the power on, the image signal input,
or the like, for example.
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When the initial screen frame correction processing is
started, the pattern output part 121 projects a measurement
pattern on the screen 30 (step S110). Specifically, the pattern
output part 121 reads out image data representing the mea-
surement pattern stored in the measurement pattern storage
part 171 of the ROM 170, superimpose the data on the input
image, and outputs it to the liquid crystal panel drive unit 132,
and thereby, the measurement pattern is projected. The mea-
surement pattern is expressed by panel coordinate values. The
panel coordinate values of the measurement points of the
measurement pattern are acquired by the pattern output part
121.

FIG. 4 shows an example of a measurement pattern PT1
formed on liquid crystal panel 130. The measurement pattern
PT1 shown in FIG. 4 contains pattern areas A, B, C, D each
including four measurement points in white circles and a
surrounding black area having a nearly square shape. The
pattern area A is located near the upper left corner within the
liquid crystal panel 130, the pattern area 33 is located near the
upper right corner of the liquid crystal panel 130, the pattern
area C is located near the lower right corner of the liquid
crystal panel 130, and the pattern area D is located near the
lower left corner of the liquid crystal panel 130. The outer
frame of the measurement pattern PT1 (measurement pattern
frame PF) coincides with the image formation frame of the
liquid crystal panel 130. The shaded area in FIG. 4 is an area
in which the input image transmitted from the cable 200 to the
liquid crystal panel drive unit 132 via the A/D conversion unit
110 is formed.

FIG. 5 shows an example of a display image of the mea-
surement pattern PT1 projected on the screen 30. In the
embodiment, the projection lens 152 is not right opposite to
the screen 30. Accordingly, the display image of the measure-
ment pattern PT1 shows a trapezoidal shape as shown in FI1G.
5. In the display image of the measurement pattern PT1, the
measurement points of the pattern area A are located near the
upper left corner of the screen 30, the measurement points of
the pattern area B are located near the upper right corner of the
screen 30, the measurement points of the pattern area C are
located near the lower right corner of the screen 30, and the
measurement points of the pattern area D are located near the
lower left corner of the screen 30.

Then, the imaging unit 190 performs imaging of the dis-
play image of the measurement pattern PT1, and the pattern
detection part 122 detects the measurement points in the
camera coordinates by performing an image analysis on the
taken image (pattern image) by a known method (step S120).
FIG. 6 shows an example of the taken image of the measure-
ment pattern PT1. In the example shown in FIG. 6, in the
taken image, the whole display image having the measure-
ment pattern frame PF at the outer side than the screen frame
SCF is projected within the frame of the CCD camera (camera
frame CF) of the imaging unit 190. By the analysis of the
taken image, camera coordinate values corresponding to the
four measurement points in the respective pattern arecas are
acquired.

After the panel coordinate values and the camera coordi-
nate values corresponding to the measurement points in the
respective pattern areas are acquired, the coordinate conver-
sion part 124 calculates the coordinate conversion factors
with respect to the respective pattern areas (step S130). Spe-
cifically, the coordinate conversion part 124 calculates the
coordinate conversion factor A using the panel coordinate
values and the camera coordinate values of the measurement
points of the pattern area A. Similarly, the coordinate conver-
sion part 124 calculates the coordinate conversion factor B
using the panel coordinate values and the camera coordinate
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values of the measurement points of the pattern area B, the
coordinate conversion factor C using the panel coordinate
values and the camera coordinate values of the measurement
points of the pattern area C, and the coordinate conversion
factor D using the panel coordinate values and the camera
coordinate values of the measurement points of the pattern
area D. In the embodiment, a projection conversion factor is
obtained as the coordinate conversion factor based on the four
measurement points. The information of the calculated coor-
dinate conversion factors A to D is stored in the RAM 175.

Then, in order to acquire the frame image, the pattern
output part 121 projects the black image for imaging the
screen frame SCF on the screen 30 (step S140). Specifically,
the pattern output part 121 outputs black image data to the
liquid crystal panel drive unit 132. The liquid crystal panel
drive unit 132 forms a black image on the liquid crystal panel
130 based on the output image data. When the black image
data used in the embodiment is formed on the liquid crystal
panel 130, the whole image formation area of the liquid
crystal panel 130 becomes a black area. In this manner, the
solid black image is displayed on the screen 30 via the pro-
jection system 150.

When the black image is projected, the imaging unit 190
performs imaging of the projected black image and acquires
the frame image. The line detection part 123 detects the lines
on the screen frame from the frame image, two lines for each
side, eight lines in total (step S150).

FIG. 7 shows diagrams for explanation of an example of a
method of detecting lines from the frame image. Hereinafter,
the lines corresponding to the screen frame SCF will be
referred to as “screen frame lines”. The parts corresponding
to the screen frame SCF of the acquired frame image are
shown by black frames in FIG. 7. Note that the circular
measurement points shown in FIG. 7 are detected at step
S120, not contained in the frame image. The measurement
points shown in FIG. 7 are shown with the frame image for
explanation of the detection of the screen frame lines. In the
following drawings, the circular measurement points are
similarly shown.

Specifically, the detection of the screen frame lines is per-
formed in the following manner. For example, for detection of
the two lines at the lower side of the screen frame, first, a line
segment C3D4 is formed by connecting the measurement
point C3 in the lower right corner and the measurement point
D4 in the lower left corner detected at step S120, and the line
segment C3D4 is equally divided into three. Then, edge
detection is performed by applying an outline extraction filter
such as a differentiation filter or a Laplacian filter down-
wardly with the line segments at the inner sides of one-third of
the line segment C3D4 from the measurement point C3 and
the measurement point D4 as start points ((A) in FIG. 7). The
line detection part 123 detects the screen frame lines LD1 and
LC1 using least squares, Hough transform, or the like, for
example, within the range of the detected edge ((B) in FIG. 7).
Similarly, the line detection part 123 forms line segments by
respectively connecting the measurement points D4 and A1,
the measurement points Al and B2, and the measurement
points B2 and C3, and the detects two screen frame lines with
respectto one side of the screen frame. In this manner, the line
detection part 123 detects eight screen frame lines in total.

After the line detection part 123 detects the eight screen
frame lines, the coordinate conversion part 124 converts the
eight screen frame lines in the camera coordinates into screen
frame lines in the panel coordinates using the coordinate
conversion factors calculated at step S130 (step S160). FIG. 8
shows diagrams for explanation of a method of converting the
screen frame lines from the camera coordinates into the panel
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coordinates. (A) in FIG. 8 shows the screen frame lines LA1,
LA2,LB1, LB2, LC1,LC2,LD1, LD2 in the camera coordi-
nates detected at step S150. The coordinate conversion part
124 converts the screen frame lines LA1, LA2 in the camera
coordinates into screen frame lines LA1i, LA2i in the panel
coordinates by projection conversion using the coordinate
conversion factor A calculated at step S130. Similarly, the
coordinate conversion part 124 respectively converts the
screen frame lines LB1, .LB2 using the coordinate conversion
factor B, the screen frame lines LC1, L.C2 using the coordi-
nate conversion factor C, and the screen frame lines LD1,
LD2 using the coordinate conversion factor D into screen
frame lines in the panel coordinates. In this manner, the
screen frame lines are converted from the camera coordinates
into the panel coordinates using the coordinate conversion
factors calculated by the four measurement points closer to
the respective screen frame lines.

After the screen frame lines in the camera coordinates are
converted into the screen frame lines in the panel coordinates,
the correction value calculation part 125 calculates the cor-
rection value for trapezoidal distortion correction (step
S170).

FIG. 9 is a diagram for explanation of a method of calcu-
lating the correction value. First, for calculation of the cor-
rection value, an apex of the screen frame in the panel coor-
dinates is obtained by obtaining an intersection V between the
screen frame lines L A1/ and L A2/ as shown in FIG. 9. Simi-
larly, the apexes of the screen frame in the panel coordinates
are respectively obtained by obtaining an intersection
between the screen frame lines LB1/ and LB2i, an intersec-
tion between the screen frame lines LC1/ and LC2i, and an
intersection between the screen frame lines LD1/ and LD2i.
Then, the correction value for trapezoidal distortion correc-
tion (for example, the projection conversion factor) of the
input image is calculated by a known method (projection
conversion) from the obtained coordinates of the apexes. The
calculated correction value is stored in the RAM 175.

After the correction value is calculated, the distortion cor-
rection part 126 performs trapezoidal distortion correction on
the input image using the calculated correction value (step
S180). The calculation of the correction value and the trap-
ezoidal distortion correction can be executed using a known
method (for example, the method described in JP-A-2011-
176705). The liquid crystal panel drive unit 132 forms the
input image after trapezoidal distortion correction on the
liquid crystal panel 130 based on the input image data.
Thereby, the image after trapezoidal distortion correction is
displayed on the screen 30 via the projection system 150.

Generally, lines contained in the taken image taken by the
CCD camera may be gently curved due to the influence by the
distortion of the lens of the CCD camera. Accordingly, it is
difficult to accurately detect respective sides of the screen
frame SCF as respective one lines. However, according to the
above described projector 10 of the embodiment, the screen
frame SCF is detected as eight lines in total, two lines for each
corner of the screen 30. Accordingly, in the taken image, the
lines in the corner parts of the screen 30, which are easily
curved due to the influence by the distortion of the lens of the
CCD camera may be detected more accurately. Therefore, the
lines are converted into panel coordinates, and thereby, the
shape of the screen 30 may be detected with high accuracy.

Further, the eight screen frame lines may be detected by
edge detection from the line segment formed in the taken
image (pattern image) of the measurement points projected
near the corners of the screen 30 toward the screen frame.
Accordingly, eight lines may be detected in a shorter time
than that in the case where edge detection is performed with
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respect to the projected whole black image. Furthermore, in
the embodiment, the coordinate conversion factors are calcu-
lated for each corner of the screen 30. Accordingly, the con-
version of the coordinates in the corners of the screen 30 and
the corners of the liquid crystal panel 130 that are easily
affected by the distortion of the projection lens 152 projecting
the measurement pattern PT1 and the distortion of the lens of
the CCD camera may be performed more accurately. As a
result, the trapezoidal distortion correction may be performed
with high accuracy.

In addition, in the embodiment, the apexes of the screen
frame are obtained after the detected eight lines are converted
into the panel coordinates, and thereby, the shape of the
screen 30 in the panel coordinates may be detected with high
accuracy. Accordingly, the trapezoidal distortion correction
may be performed with higher accuracy.

D. Automatic Screen Frame Correction Processing

Next, the case of performing automatic screen frame cor-
rection processing will be explained. The automatic screen
frame correction processing is processing for automatically
performing trapezoidal distortion correction when a move-
ment of the projector 10 is sensed. The automatic screen
frame correction processing is the same as the above
described initial screen frame correction processing in that
eight screen frame lines are detected in total, two lines for
each corner of the screen 30 and coordinate conversion fac-
tors are calculated for each corner of the screen 30. However,
there is a difference that the measurement pattern (step S110)
and the black image (step S140) are separately projected in
the initial screen frame correction processing and a measure-
ment pattern containing both a black area for screen frame
line detection and measurement points for coordinate conver-
sion factor calculation is projected on an image (step S50) in
the automatic screen frame correction processing. As below,
the automatic screen frame correction processing will be
explained with an emphasis on the difference.

FIG. 10 is a flowchart for explanation of the automatic
screen frame correction processing. If a user moves the pro-
jector 10 (step S10), the vibration sensing unit 129 senses the
vibration (movement) of the projector 10 (step S20).

After the vibration sensing unit 129 senses the vibration,
the CPU 160 allows the image processing circuit 120 to
execute the following processing from step S50 to step S180.

At step S50, the pattern output part 121 reads out image
data representing a measurement pattern PT2 stored in the
measurement pattern storage part 171 of the ROM 170, and
projects the data on the screen 30.

FIG. 11 shows an example of the measurement pattern PT2
formed on the liquid crystal panel 130 at step S50. The mea-
surement pattern PT2 shown in FIG. 11 has L-shaped black
areas AL, BL, CL, DL each with four measurement points in
the corner parts in the respective corners of the liquid crystal
panel 130. The two crossing line area parts of the [.-shaped
black areas AL, BL, CL, DL extend from the inside toward the
outside of the image formation area of the liquid crystal panel
130. Note that the L-shaped black area corresponds to “nearly
black area” of the application. The area shown by hatching in
FIG. 11 is an area in which the input image after distortion
correction is displayed. In the first execution of step S50, the
input image N after trapezoidal distortion correction calcu-
lated by the initial screen frame correction processing is dis-
played. As shown in FIG. 11, in the embodiment, the mea-
surement pattern PT2 is superimposed on the input image
after distortion correction and displayed. Further, in FIG. 11,
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the area shown by cross hatching outside of the input image N
after trapezoidal distortion correction is a background area H,
and is blacked out in practice.

When the measurement pattern PT2 is projected, like the
initial screen frame correction processing, the pattern detec-
tion part 122 detects measurement points from the taken
pattern image (step S120), and the coordinate conversion part
124 calculates a coordinate conversion factor with respect to
each corner (step S130). The line detection part 123 performs
edge detection from the measurement point sides of the
L-shaped black area toward the screen frame SCF, and detects
eight screen frame lines in total, two for each corner (step
S155). After the screen frame lines and the coordinate con-
version factors are calculated, like the initial screen frame
correction processing, the screen frame lines are converted
from camera coordinates into panel coordinates (step S160),
and a correction value is calculated (step S170). Then, trap-
ezoidal distortion correction of the input image is performed
in response to the correction value (step S180).

Then, the CPU 160 determines whether or not a predeter-
mined time has elapsed after the projector 10 comes to rest in
response to the sensing result of the vibration by the vibration
sensing unit 129 (step S185). If the predetermined time has
not elapsed after the projector 10 comes to rest (step S185:
No), step S50 to step S180 are executed again. Accordingly,
the measurement pattern PT2 is superimposed on the input
image after trapezoidal distortion correction being displayed
by the pattern output part 121. Then, when a new correction
value is obtained, the input image after trapezoidal distortion
correction being displayed is replaced by the updated input
image after trapezoidal distortion correction. In this manner,
when the user continues to move the projector 10, step S50 to
step S180 are repeatedly executed, the correction values are
calculated, and the updated input images after trapezoidal
distortion correction are displayed. That is, on the screen 30,
the input images N after trapezoidal distortion correction are
changed and displayed one after another in real time.

If'the CPU 160 determines that the predetermined time has
elapsed after the projector 10 comes to rest (step S185: Yes),
the CPU allows the pattern output part 121 to stop output of
the measurement pattern PT2, and deletes the measurement
pattern PT2 superimposed on the image (step S190).

According to the above explained automatic screen frame
correction processing by the projector 10, the screen frame
SCF is detected as the eight lines in total, two lines for each
corner of the screen 30 and the correction is performed using
the coordinate conversion factors corresponding to the
respective corners, and thus, the same effect as that of the
above described initial screen frame correction processing is
exerted. Further, the measurement pattern superimposed on
the input image after trapezoidal distortion correction
includes the black areas having the measurement points as
shown in FIG. 11, and covers only a part of the input image
after trapezoidal distortion correction. Accordingly, the user
may appropriately install the projector 10 while confirming
the input images after trapezoidal distortion correction. Fur-
ther, even when the projector 10 moves, the input images after
trapezoidal distortion correction are continuously displayed
in real time, and thus, viewing may not be interrupted and
stress on the user may be reduced.

E. Modified Examples

As below, one embodiment of the invention has been
explained, and the invention is not limited to the embodiment,
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but may employ various configurations without departing
from the scope of the invention.

E1. Modified Example 1

The measurement patterns used at step S110 in the above
described initial screen frame correction processing and step
S50 in the automatic screen frame correction processing have
four pattern areas each with four measurement points, 16
measurement points in total. However, the number of mea-
surement points of the measurement pattern is not limited to
that, but may be four or more in total. When there are four or
more measurement points, the coordinate conversion factors
for projection conversion from camera coordinates into panel
coordinates may be calculated. For example, each measure-
ment area may have one measurement point or a measure-
ment pattern having one measurement area with four mea-
surement points may be employed. Further, the shape of the
measurement point may be a square shape or cross shape, for
example, as long as it is a shape that can be detected by image
processing. Further, at step S110 in the initial screen frame
correction processing, a measurement pattern having only
measurement points without the black area parts may be used
as long as the measurement patterns can be detected.

E2. Modified Example 2

At step S140 in the above described initial screen frame
correction processing, the solid black image has been pro-
jected for detection of the screen frame lines at step S150,
however, the projected black image may not be the solid black
image. FIGS. 12A and 12B show examples of black images
projected for detection of screen frame lines at step S140. For
example, like a black image PT3 shown in FIG. 12A, for
superimposition of the black area of the display image on the
screen frame SCF, a black image having a background area at
the center, for example, and a black area K in the periphery
may be employed. Further, like a black image PT4 shown in
FIG. 12B, a black image having black areas Ka, Kb, Kc, Kd
in the respective corners of the liquid crystal panel 130 may be
employed. Furthermore, the black areas explained in the
above described initial screen frame correction processing
and automatic screen frame correction processing (including
the L-shaped black areas and black images) are not limited to
complete black. For example, regardless of color, an area with
lower brightness (for example, brightness from 0% to 10%)
may be employed.

E3. Modified Example 3

At step S150 in the above described initial screen frame
correction processing, the line detection part 123 has equally
divided the line segment C3D4 formed by connecting the
measurement points into three and performed edge detection
on the width with respect to the screen frame SCF (see (A)
and (B) in FIG. 7), however, the width for the edge detection
is not limited to that. The width for the edge detection can be
arbitrarily set.

E4. Modified Example 4

In the above described initial screen frame correction pro-
cessing, the intersection between lines has been obtained after
the screen frame lines are converted from camera coordinates
into panel coordinates, however, the apex of the frame may be
obtained by obtaining the intersection of the lines on the
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camera coordinates, and then, converting the intersection into
panel coordinates using the coordinate conversion factor.

E5. Modified Example 5

Depending on the installation status of the screen 30, illu-
mination may be reflected on the screen 30 or the color of the
screen frame may partially vary, and the eight screen frame
lines may not be detected by edge detection. Also, inthis case,
the projector 10 may perform the above described screen
frame correction processing. FIG. 13 shows diagrams for
explanation of processing when part of eight screen frame
lines is not detected by edge detection. In a panel image
shown in (A) in FIG. 13, a screen frame line LA2i (see (A) in
FIG. 8) that should cross with a screen frame line [LA1/ has
not been detected. In this case, the line detection part 123
extends a screen frame line L D2/ estimated to be on the same
screen frame SCF as that of the screen frame line LA2i and
complements the undetected screen frame line LA2/ ((B) in
FIG. 13). In the above described screen frame correction
processing, the screen frame lines are divided and detected in
eight lines, and thereby, even when the undetected screen
frame line exists, it may be complemented by a screen frame
line estimated to approximate it. Accordingly, even when
there is an undetected line in the frame image, trapezoidal
distortion correction may be performed.

Note that, in the case where neither the screen frame line
LA2i nor the screen frame line LD2i estimated to be on the
same screen frame SCF may be detected, the two screen
frame lines may be complemented by known methods shown
in JP-A-2010-05042 and JP-A-2008-211355. By using the
methods, it is only necessary that at least one of the eight
screen frame lines may be detected, and the success rate of
line detection may be improved.

E6. Modified Example 6

FIG. 14 shows diagrams for explanation of processing
when the line detection part 123 erroneously detects screen
frame lines for edge detection of the frame image. In a panel
image shown in (A) in FIG. 14, the screen frame line LA2{
and the screen frame line LD2i estimated to be on the same
screen frame SCF are detected to be apart. If the apexes are
obtained based on the screen frame lines and trapezoidal
distortion correction is performed, the screen frame may not
coincide with the respective sides of the display image. In
order to prevent the situation, the line detection part 123 first
obtains relation values of positions and inclinations of the two
screen frame line L A2/ and screen frame line LD2i estimated
to be on the same screen frame. For example, the intersections
between the median line L and the respective screen frame
lines in the panel image are calculated, and the distance h
between the respective intersections is calculated ((A) in FIG.
14). Further, the line detection part 123 calculates an absolute
value m2 of'the inclination of the screen frame line LA2i and
an absolute value m1 of the inclination of the screen frame
line LD2i, and obtains an absolute value Im1-m2| of the
difference. Then, the part respectively determines whether or
not the distance h is equal to or less than a predetermined
value, and whether or not the absolute value Im1-m2| of the
difference between the absolute values m1, m2 of the incli-
nations is equal to or less than a predetermined value. As a
result of determination, if at least one of the values is equal to
or more than the predetermined value, one value of the screen
frame line L A2/ and the screen frame line LD2i is discarded.
In (A) in FIG. 14, the inclinations of the screen frame line
L.A2i and the screen frame line L.D2i are nearly equal, and
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Im1-m?2l is within the predetermined value and the distance h
is equal to or more than the predetermined value. In the case
of the positional relationship as shown in (A) in FIG. 14, the
line detection part 123 discards the screen frame line LA2{
located farther from the measurement points, and extends the
screen frame line LD2i and complements the screen frame
line LA2i ((B) in FIG. 14).

FIG. 15 shows other diagrams for explanation of process-
ing when the line detection part 123 erroneously detects
screen frame lines for edge detection of the frame image. The
distance h between the two screen frame line LA2i and screen
frame line LD2i estimated to be on the same screen frame
SCF is within the predetermined value, however, the absolute
value Im1-m2| of the difference between the absolute values
m1, m2 of the inclinations is equal to or more than the pre-
determined value. In this case, the line detection part 123
discards the screen frame line [LA27 having the more different
inclination than the inclination of the left frame of the image
formation area of the liquid crystal panel 130, and extends the
screen frame line LD2i and complements the screen frame
line LA2/ ((B) in FIG. 15). Even when the erroneously
detected screen frame line exists, the screen frame lines are
divided and detected in eight, and thereby, the erroneously
detected line may be determined and complemented by a
screen frame line estimated to be approximate it. Therefore,
even when there is erroneous detection, trapezoidal distortion
correction can be performed with high accuracy.

Note that the complement processing of screen frame lines
in the modified example 5 and the modified example 6 can be
performed on the camera coordinates, however, more prefer-
ably performed on the panel coordinates. This is because
complement may be performed with a screen frame line esti-
mated to be further approximate it by performing comple-
ment processing after the distortion of the lens of the camera
of'the projector 10 is eliminated.

E7. Modified Example 7

As the input image after trapezoidal distortion correction
obtained by the automatic screen frame correction processing
to be projected at the above described step S180, an image
formed by calculating an intermediate correction value
between the current correction value and the correction value
that has been calculated before the calculation of the current
correction value (previous correction value), and performing
trapezoidal distortion correction based on the intermediate
correction value may be displayed. For example, first, the
intermediate correction value between the correction value
calculated by the fifth processing and the correction value
calculated by the sixth processing is calculated. Then, after
the image formed by trapezoidal distortion correction is dis-
played based on the intermediate correction value, the input
image formed by trapezoidal distortion correction based on
the correction value calculated by the sixth processing may be
displayed. Further, a plurality (for example, three or four) of
the intermediate correction values are calculated and images
formed by trapezoidal distortion correction based on the val-
ues are sequentially displayed, and then, the input image
formed by trapezoidal distortion correction based on the sixth
correction value may be displayed. Furthermore, during auto-
matic screen frame correction processing, an image formed
by trapezoidal distortion correction based on an intermediate
correction value between the current correction value and the
correction value that has been calculated before the calcula-
tion of the current correction value may be displayed and,
after the automatic screen frame correction processing is
ended, an image formed by trapezoidal distortion correction
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based on the current correction value may be displayed. In
this manner, the input images may be smoothly changed and
displayed, and thus, the user may confirm the input images
after trapezoidal distortion correction without a feeling of
strangeness.

E8. Modified Example 8

At the above described step S50, the measurement pattern
containing both the black area for screen frame line detection
and the measurement points for calculation of coordinate
conversion factor has been projected on the image after trap-
ezoidal distortion correction, however, the black area, the
measurement points, and the image after trapezoidal distor-
tion correction may be alternately and time-divisionally dis-
played. Further, at step S50, the measurement points may be
continuously displayed and the black area and the image after
trapezoidal distortion correction may be alternately and time-
divisionally displayed.

E9. Modified Example 9

Atthe above described step S185, the measurement pattern
PT2 superimposed on the image if the predetermined time has
elapsed has been deleted, however, the predetermined time
may be set longer if it is impossible to detect the eight screen
frame lines directly from the frame image at step S155. Even
if it is impossible to detect the eight screen frame lines by
edge detection, the screen frame lines can be complemented
as described in the above described modified examples. How-
ever, the screen frame lines actually detected from the frame
image reflect the influence of the distortion of the camera lens
more than the complemented screen frame lines, and thus, the
more appropriate input image after trapezoidal distortion cor-
rection with eliminated distortion may be calculated. Accord-
ingly, if it is impossible to detect the screen frame lines, the
time to deletion of the measurement pattern PT2 from the
input image may be made longer, and the user may reinstall
the projector 10 in the position in which the screen frame lines
can be detected from the frame image.

E10. Modified Example 10

In the above described embodiment, the vibration sensing
unit 129 has sensed the vibration from the gyro sensor of the
projector 10, however, the vibration sensing unit 129 may
include another vibration sensor such as an acceleration sen-
sor in place of the gyro sensor. Further, the vibration sensing
unit 129 may sense the vibration of the projector 10 by ana-
lyzing the change of the background image regardless of the
sensor.

E11. Modified Example 11

In the above described embodiment, in the area in which
the input image N after trapezoidal distortion correction is
displayed, an image representing only the frame lines of the
input image N after trapezoidal distortion correction or an
image in which the part inside of the frame lines of the input
image N after trapezoidal distortion correction is painted in
color (for example, white or blue) different from the color
outside of the frame lines (corresponding to “an image
formed by trapezoidal distortion correction on a predeter-
mined figure” of the application) may be displayed. By dis-
playing these images, the processing load for trapezoidal
distortion correction may be reduced, and the shapes of the
input images after correction may be displayed at a high
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speed. Note that these images preferably have shapes similar
to the image formation frame of the liquid crystal panel, and
more preferably have the same shape.

E12. Modified Example 12

Inthe projector 10 in the above described embodiment, the
initial screen frame correction processing and the automatic
screen frame correction processing have been performed,
however, only one screen frame correction processing may be
performed.

E13. Modified Example 13

In the above described embodiment, the example in which
the projector 10 uses the transmissive liquid crystal panel 130
as the light modulator has been explained, however, the light
modulator is not limited to the transmissive liquid crystal
panel 130. For example, the projector may have a configura-
tion in which a digital micro-mirror device (DMD), a reflec-
tive liquid crystal panel, or the like is used as the light modu-
lator for modulation of the light from the illumination system
140. Further, a CRT (cathode ray tube) projector that projects
an image on a small CRT on a projected surface may be
employed.

E14. Modified Example 14

In the above described embodiment, the image processing
device according to the invention has been applied to the
projector, however, the image processing circuit 120 shown in
FIG. 2 can be regarded as the image processing device. Fur-
ther, in the above described embodiment, the image process-
ing circuit has performed screen frame correction processing
as hardware, however, the CPU may execute screen frame
correction processing as software by execution of a program.

What is claimed is:

1. An image processing device comprising:

a pattern output part that superimposes a pattern having a
predetermined shape and a nearly black area on a part of
an image and outputs the image to a light modulator;

a pattern detection part that detects the pattern from a
pattern image formed by imaging of the image contain-
ing the pattern and the nearly black area projected on a
projected surface;

a line detection part that detects at least two lines of each
side of a frame, based on a taken image of at least a part
of the frame of the projected surface within the nearly
black area in the pattern image, a total number of lines
detected for the frame being at least eight lines;

a coordinate conversion factor calculation part that calcu-
lates a coordinate conversion factor for conversion of
coordinates in the taken image into coordinates in the
light modulator based on coordinates of the pattern in
the light modulator and coordinates of the pattern
detected from the pattern image;

a correction value calculation part that obtains an apex of
the frame based on the detected line and the coordinate
conversion factor, and calculates a correction value for
trapezoidal distortion correction based on the apex; and

a distortion correction part that performs trapezoidal dis-
tortion correction based on the correction value.

2. The image processing device according to claim 1,

wherein the line detection part respectively detects two cross-
ing lines with respect to each corner of the projected surface
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based on the taken image of the at least the part of the frame
of the projected surface within the nearly black area in the
pattern image, and

the correction value calculation part obtains apexes of the

frame based on the detected two lines with respect to
each corner and the coordinate conversion factors, and
calculates a correction value for trapezoidal distortion
correction based on the apexes.

3. The image processing device according to claim 1,
wherein the pattern output part outputs an image formed by
trapezoidal distortion correction on an input image or an
image formed by trapezoidal distortion correction on a pre-
determined figure.

4. The image processing device according to claim 1,
wherein the correction value calculation part calculates at
least one intermediate correction value of a current correction
value and a previous correction value calculated before cal-
culation of the current correction value, and

the distortion correction part performs the trapezoidal dis-

tortion correction based on the intermediate correction
value.

5. The image processing device according to claim 2,
wherein the pattern output part stops output of the pattern and
the nearly black area if a shape of the frame of the image
formed by the trapezoidal distortion correction or a shape of
the frame of the image formed by the trapezoidal distortion
correction on the predetermined figure has not changed in a
predetermined time, and extends the predetermined time if
the line detection part has not respectively detected two cross-
ing lines with respect to each corner of the projected surface
based on the frame image.

6. The image processing device according to claim 2,
wherein the pattern is located for each corner of the light
modulator,

the coordinate conversion factor calculation part respec-

tively calculates the coordinate conversion factor with
respect to each corner of the projected surface, and

the correction value calculation part obtains the apex based

on the detected two crossing lines with respect to each
corner of the projected surface and the coordinate con-
version factor corresponding to the corner.

7. The image processing device according to claim 2,
wherein the correction value calculation part obtains the apex
of'the frame after the line detection part converts the two lines
detected with respect to each corner into coordinates in the
light modulator.

8. A projector comprising:

the image processing device according to claim 1; and

a projection unit that has the light modulator and projects

the image.

9. A projector comprising:

the image processing device according to claim 2; and
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a projection unit that has the light modulator and projects

the image.

10. A projector comprising:

the image processing device according to claim 3; and

a projection unit that has the light modulator and projects

the image.

11. A projector comprising:

the image processing device according to claim 4; and

a projection unit that has the light modulator and projects

the image.

12. A projector comprising:

the image processing device according to claim 5; and

a projection unit that has the light modulator and projects

the image.

13. A projector comprising:

the image processing device according to claim 6; and

a projection unit that has the light modulator and projects

the image.

14. A projector comprising:

the image processing device according to claim 7; and

a projection unit that has the light modulator and projects

the image.

15. The image processing device according to claim 1,
wherein the at least eight lines do not include any corners of
the frame.

16. An image processing method comprising:

superimposing a pattern having a predetermined shape and

a nearly black area on a part of an image and outputting
the image to a light modulator;

detecting the pattern from a pattern image formed by imag-

ing of the image containing the pattern and the nearly
black area projected on a projected surface;

detecting at least two lines of each side of a frame, based on

a taken image of at least a part of the frame of the
projected surface within the nearly black area in the
pattern image, a total number of lines detected for the
frame being at least eight lines;

calculating a coordinate conversion factor for conversion

of coordinates in the taken image into coordinates in the
light modulator based on coordinates of the pattern in
the light modulator and coordinates of the pattern
detected from the pattern image;

obtaining an apex of the frame based on the detected line

and the coordinate conversion factor, and calculating a
correction value for trapezoidal distortion correction
based on the apex; and

performing trapezoidal distortion correction based on the

correction value.

17. The image processing method according to claim 1,
wherein the at least eight lines do not include any corners of
the frame.



